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Abstract of DE1 991 4681 

A microsystem polymer electrolyte membrane (PEM) fuel cell is produced by a combination of thin film, 
microsystem etching and glass/silicon bonding technology. A microsystem PEM fuel cell comprises a 
complete fuel cell structure which is produced by a thin film process on porous membranes formed in a 
silicon substrate by a microsystem technology etching process, and which comprises a plasma 
polymerized membrane, two catalyst metal-doped porous graphite layers and elements for connecting 
the structure to parallel produced structures, the structure allowing spatially separate and uniform 
supply of fuel from both sides by means of a glass/silicon bonding technique. 
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ABSTRACTED-PUB-NO: DE 19914681A 
BASIC- ABSTRACT: 

NOVELTY - A microsystem polymer electrolyte membrane (PEM) fuel cell is 
produced by a combination of thin film, microsystem etching and glass/silicon 
bonding technology. 

DETAILED DESCRIPTION - A microsystem PEM fuel cell comprises a complete fuel 
cell structure which is produced by a thin film process on porous membranes 
formed in a silicon substrate by a microsystem technology etching process, and 
which comprises a plasma polymerized membrane, two catalyst metal-doped porous 
graphite layers and elements for connecting the structure to parallel produced 
structures, the structure allowing spatially separate and uniform supply of 
fuel from both sides by means of a glass/silicon bonding technique. 

USE - As a miniaturized PEM fuel cell used in microsystem technology. 
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ADVANTAGE - The advantages of microsystem technology and a combination of 
silicon microstructuring technology, thin film processes, glass etching 
technology and silicon/glass bonding technology are combined to allow formation 
of a planar system of fuel cells connected in parallel and in series, as 
desired. 

DESCRIPTION OF DRAWING(S) - The drawing shows a PEM fuel cell microsystem in 
accordance with the invention. 
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In English: 

The invention concerns the structure of a miniaturized PEM (Polymer electrolyte 
Mem bran) gas cell in micro system engineering, which consists thin section 
diaphragm electrodes of a unit and a silicon carrier with porous silicon structures 
as well as hermetically closely with the silicon connected glasabdeckungen. 
Such a structure permits an integration due to the compatibility with usual 
mikrosystemen not only in principle into such mikrosysteme. Due to the high 
electrical and thermal conductivity of the silicon as well as the established, 
hermetically seal connection of silicon glass, e.g. by anodic bonding, and to the 
possibility, silicon by drying and wet-chemical procedures economically of 
structuring reproducibly and with high accuracy and of combining with thin 
section procedures, this structure opens also simple possibilities f or the parallel 
and row interconnecting as well as for and removal. At present gas cells, in 
'particular PEM cells, realized on the basis embedded by layer piles from the ion- 
leading diaphragm, between two porous graphite electrodes coated with 
catalysts, which are locked by sheet metals with channels to the fuel supply. 
While a series connection of cells at not insignificant material and assembly 
expenditure is possible in a stack arrangement in this way (US 5.858.569 A), is 
a series connection in one level in principle possible and also in the meantime 
realizes (e.g. DE 44 43 945 d , DE 195 02 391 d), to use however without the 
possible technological solutions of integrated systems for instance from the 
micro system engineering. A special interest in a simplified structure of gas ceils 
with small space requirement exists for their application as energy source in 
portable kleinverbrauchern, e.g. portable computers, Videocameras, telephones 
and similar devices. Apart from a space-saving arrangement of gas cells in one 
level the use of thin section diaphragms and electrodes is favourably and also 
already admits for the necessary miniaturization of gas cells (DE 1 96 24 887 A1 , 
DE 195 13 292 c1). These systems contain however elements, in particular their 
housings, which are not compatible with the thin section procedures and 
therefore need a increased assembly expenditure. Besides a further 
disadvantage results in the characteristics of the gas cell with the thin section 
diaphragms described there: The ion-leading thin sections in DE 195 13 292 d 
are made of different fluorine coal materials in connection with tri fluorine 
methane sulfone acid. When using tri fluorine methane sulfone acid it comes in 
the plasma due to the comparable binding energy between the carbon/sulfur 
connection and the connections in the sulfone acid also to fragmenting the 
sulfone acid. Thereby either high-interlaced polymers with very small ionic 
conductivity, resulting in increased cell internal resistances, develop or polymers 
with sufficient ionic conductivity however small cross-linking degree and high 
portion does not kovalent to the polymer stand of bound tri fluorine methane 
sulfone acid (see in addition: Ber. Bunsenges. Physical chem. one, Bd 98 
(1994), pages 631 to 635). Latter layers are long-term stable therefore not and 
possess in particular due to the small cross-linking degree with the use in 
directly methanol gas cells high permeation rates of the used fuels, which lead 
to losses of the gas cell. 
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Die Erfindung betrifft den Aufbau einer ij 
miniaturisierten PEM- ( Polymer-Elektrolyt- * 
Membran) -Brennstof f zelle in 

Mikrosystemtechnik, die aus einer DUnnschicht- 
Membran-Elektroden Einheit und einem Silizium- 
Trager mit porosen Siliziumstrukturen sowie ||| 
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In English: 

The plasma polymerization of ion-leading layers out e.g. ethyls and groups of 
carboxylates (DE 196 24 887 A1) possesses the disadvantage of the use of a 
weakly sour group of carboxylates, which leads to small ionic conductivity. 
Besides these plasma polymers contain aliphatic hydrogen atoms, which attack 
places for an oxidative dismantling are. The disadvantages mentioned become 
in the available invention by a simple structure of a miniaturized gas cell in 
accordance with Abb. 1 solved, which consists j w ous sili con r anges of a silicon 
carrier 1_ L contains of the 4 and endowed themsefvesori that one with catalyst, 
preferably Pt and Pt/Ru, graphite thin section 5, a ion-leading thin section 
polymer diaphragm 6, which one is from a teflon-like matrix with integrated ion 
leader chains, e.g. phosphorus or groups. of sulfuric acids^ CO-PLASMA- 
POLYMERIZED diaphragm and again onfehdowed graphite thin section 7 with 
catalyst finds. The lower graphite layer 5 as well as the diaphragm 6 are 
according to Abb. 1 structures laid out, then through structured interpretation 
can be attained the upper graphite layer 7 a direct interconnecting of the cells in 
row according to. For galvanic separation of the single cell s in the le v el a p - 
^ leading thin section 2 between thes e is arranged, so that with The silicon 
substrate p-n junctions result. The minimization of the row resistance those 
become individual cells in accordance with Abb. 2 preferably as narrow rigid 
ones implemented. In addition the not necessarily porous ranges can contain 
additional thin section metallizations 8 of the cell outside of the active ranges. 
The silicon carrier with thin section diaphragm electrodes unit is hermetically 
closely outward locked by glass substrates (fig. 1,11). The glass substrates are 
here favourably in their thermal coefficients of expansion that of the silicon 
adapted (e.g. Tempax or Pyrex). For an even supply of the fuels from both sides 
the glass substrates contain recesses ago of the diaphragm for the gasfuehrung 
and distribution Thejsupply oHhe_fuelsJ s made b y capjllaries 9 into the cavities^ 
1 0 of the glass substrates 1 1 . D ue to the high heat conductivity and' small 
"thermal capacity of the silicorfand the small thermal conduction in the glass 
such a cell reaches fast its operating temperature, without its environment is 
affected substantially of it. A favourable execution of the arrangement according 
to invention is the use of one from Fluorethen and Vinylphosphonsaeure CO- 
PLASMA-POLYMERIZED thin section diaphragm. Into the 
Vinylphosphonsaeure existing C/C double bond makes a kovalenten installation 
for the phosphonic acid possible into the polymer stand without fragmenting the 
groups of phosphonic acids. Thereby this CO-PLASMA-POLYMERIZED thin 
section diaphragm is chemical and temperature stable with high ionic 
conductivity with at the same time high cross-linking degree. The high cross- 
linking degree causes besides a locking action for fuels, e.g. methanol, so that 
additional fuel barrier layers from Pd or Pd/Ag alloys are not necessary (see e.g. 
to DE 1 96 46 487 C2 and DE 1 97 34 634 d ). These characteristics of the thin 
section diaphragm lead to a clear improvement of the losses in gas cells. 
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Die Plasmapolymerisation ionenleitender 
Schichten aus z. B. Ethylen und 
Carboxylatgruppen (DE 196 24 887 Al) besitzt 
den Nachteil der Verwendung einer schwach 
sauren Carboxylatgruppe, welches zu geringer 
Ionenleitfahigkeit f Uhrt . Zudem enthalten 
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1. PEM gas cell system in micro system engineering, by the fact characterized 
that a) in a glass silicon glass layer group the structure of a complete system 
from PEM gas cells realized is, to which on porous carrier diaphragms produced 
in the silicon substrate a complete gas cell in each case is arranged, those of 
two with catalyst metals, in particular with Pt and/or Pt-Ru endowed, porous 
graphite thin sections and a ion-leading thin section polymer electrolyte 
diaphragm lying between them consists, whereby for serial or para llel 
i nterconnecting of the_individu aLQas_ceJis a monc Lthem selves between the 
individual gas cells elements from conductive silicon as well as conductive strip 
structures with galvanic separation of the single cells are arranged in the level 
over pn of transitions in the silicon that b) the glass substrates recessesjor _ 
ga sfu e h ru rig a nd ga s distrib ut io n for the SMtia Ifr 

on both sides Jalibfijrii n-sediqn""^ that c) 

Hhe g la ss substrajes^with between them a rra n g ed Jb.ejsjlico n Javerjt l\s~. ; ** 
hejnmj^ diha td) into the thin section polymer diaphragm 

'ion-leading groups, in particular phosphorus or grou ps of sulfuric acid s, over the 
co-Polymerisation by o n fluorocarbons w hich are based precursor compounds 
and monomers under education of a ion-leading electrolyte diaphragm are 
merged. 2. PEM gas cell system in. micro system engineering according to 
requirement 1 , by the fact characterized that the thin section polymer diaphragm 
is a ion-leading electrolyte diaphragm received by CO-Polymeristaion from 
Fluorether^an d Vinylphosphonsaeure. 3. PEM gas cell system in micro system 
engineering according to requirement 1 or 2, by the fact characterized that the 
coefficient of expansion of the glass used for locking is adapted to silicon at the 
coefficients of expansion: 4. PEM gas cell system in micro system engineering 
according to requirement 1 to 3 . _b y Jt cha ra ct e r ized r ttaa Uhe J ue Lsu pplvJs.m a de t 
by late ra Lo peniogsj n the^gja ss, into which prefe rs capilla ries a reins e rte d ,J5.. 
PEM gas cell system in micro system engineering according to requirement 1 to 
4; by the fact characterized that the gas cells of the gas cell system are 
streifenfoermig trained. 6. PEM gas cell system in micro system engineering 
according to requirement 1 to 5, by the fact characterized that electrical 
co nta ctin g fo r a ro w inte rco nn ecti ng ta kes_plac e-aJpag,the.bm a dsides of the ga s 
jsells.J7 . PEM gas cell system in micro system engineering according to 
requirement 1 to 6, by the fact characterized that electrical contacting for a 
parallel connection takes place along the v narrow sides of the gas cells. 8. PEM 
gas cell system in micro system engineering according to requirement 1 to by 
the fact 4 characterized that the electrical connection of the individual gas celts 
is made by structured -thin layers. 
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1. PEM-Brennstof f zellensystem in 
Mikrosystemtechnik, dadurch gekennzeichnet, 
dass 

a) in einem Glas-Silizium-Glas-Schichtverbund 
der Aufbau eines vollstandigen Systems aus PEM- 
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